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(57) Abstract 

A method for rasterizing ideal glyph representations pro- 
vides improved clarity and readability for Chinese and Japanese 
glyphs. The preferred method advantageously combines anti-alia- 
sing and grid fitting techniques for generating images and com- 
prises the steps of: obtaining the ideal glyph representations and 
hints, converting the hint information from font units of the ab- 
stract coordinate space to pixel units, transforming the control 
points to pixel units using the hint information to produce a series 
of scaled line segments and curves, sampling points at intervals 
along each curve and line segment, and processing the sampled 
points to determine the fractional coloring for each pixel and to 
produce sharper transitions at those points of the glyph that have 
been indicated to be of aesthetic importance. 
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Glyph Rasterization Meth od rnmhinina 
Anti-Aliasing and Grid Fitting 

Background of the Invention 

1 . Field of the Invention 

The present invention relates generally to computer 
graphics, and in particular, to the display of ideal glyphs 
using rasterization techniques for text rendering. Still more 
particularly, the present invention relates to a method for 
glyph rasterization that employs both grid fitting and anti- 
aliasing techniques. 

2 . Description of Related Art 

There are a number of methods that currently exist for 
rasterizing fonts to produce pixel images that can be 
displayed on a display device such as a CRT or used for 
printing with conventional laser printers. The conventional 
method for producing pixel images of fonts is scan conversion. 
Scan conversion converts an ideal description of a character 
referred to as a glyph description to a pixel image. 
Referring to Figure 1A, a glyph description of a Kanji 
ideograph is shown. A glyph description is typically a series 
of curves and points that define an ideal outline of the area 
forming the character. All existing methods for converting 
ideal glyph descriptions to pixel images use generalized 
techniques that introduce imperfections in the resulting pixel 
images. As shown in Figure IB, when the ideal glyph 
representation of Figure 1A is converted to a 95 x 95 pixel 
matrix, the character remains very readable despite the 
imperfections. However, these imperfections become 
progressively more severe as the size of the ideal glyph is 
reduced. Figure 1C shows an enlarged illustration of the 
glyph representation of Figure 1A converted to a 14 x 14 pixel 
matrix. As can be seen, the 14 pixel version is unreadable. 

Common computer display technology ranges from 7 0 to 90 
dots per inch. At these resolutions, text at relatively 
common sizes (10 to 20 typographer's points) can be difficult 
to read and aesthetically inferior. One approach used in the 
prior art to resolve this problem is a "two color grid 
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characters , the quality of the converted pixel images of 
Chinese and Japanese ideographic characters continues to be 
unreadable on conventional computer displays. Even with grid 
fitting, the prior art method produces results similar to 
5 Figure 1C for small sized Kanji ideographs. Thus, there is a 
need for a method of converting ideal glyph representations to 
pixels images of higher quality. 

Another method used by the prior art to improve the 
readability of complex characters like Kanji is anti-aliasing. 
10 Anti-aliasing techniques have been used primarily in 

television and video production to enhance the quality of 
pixel images. The various anti-aliasing techniques use pixels 
of intermediate densities or color to create the illusion of 
higher resolution. When intermediate "color" or gray scale 
15 values are used, details such as curvature and varying stroke 
thickness that are lost with the two color grid fitting method 
can be rendered with a high degree of visual fidelity as shown 
in Figure 3A. However, as illustrated by Figure 3B, even when 
anti-aliasing techniques are applied, the pixel image will 
.20 still have undesired distortion and artifacts 12 due to 

misalignment with the pixel grid. Therefore, neither approach 
of the prior art is effective at providing pixel images of 
complex ideographic characters at small sizes. Thus, there is 
a need for a method of generating readable, high quality, 
25 pixel images of ideographic characters . 



Summary of the Invention 
The present invention overcomes the limitations and 
shortcomings of the prior art with an improved method for 

30 generating aesthetically superior and more readable pixel 

images, even at small sizes, from ideal glyph representations. 
The present invention advantageously combines a two color grid 
fitting technique and an anti-aliasing technique to produce 
both ideographic and Latin glyphs with uniformly pleasing 

35 aesthetic characteristics. The preferred embodiment of the 

present invention comprises the steps of: retrieving an ideal 
glyph representations and hints from a font; adapting the 
ideal glyph representation to the pixel grid using a grid 
fitting technique; dividing the adapted glyph representation 
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into a plurality of non-overlapping zones using -he hi--., 
applying an anti-aliasing technique to each zone withou- 
considering the pixel values outside the zone; and orocessinc 
tne zones to produce a final gray-scaled bit map. 

Brief Desr^jptinn r> r tne D^awjng g 
Figure 1A is a glyph of the prior art represented in 
ideal outline form; 

Figure IB illustrates a prior art pixel conversion of the 
conventional glyph of Figure 1A to a matrix of 95 by 95 
pixels; 

Figure 1C illustrates a prior art pixel conversion of the 
conventional glyph of Figure 1A to a matrix of 14 by 14 
pixels; 

Figures 2A-2D are graphical representations of the prior 
art pixel conversion results, a glyph representation, and a 
grid representing pixels; 

Figures 3A and 3B are graphical representations of pixel 
images enhanced using anti-aliasing and a pixel grid- 

Figure 4 is a flow chart of the general method of the 
Present invention for performing glyph rasterization- 

for h F T reS ^ ^ 53 ^ 3 fl ° W Chart ° f a Preferred method 
ror nxnt conversion; 

'5 of a r- 9 ^ 6A " 6E 3raPhical "presentations of a portion 

-5 or a stroke and pixel boundaries; 

Figure 7 is a flow chart of a preferred method for 
control point transformation; 

methodT" 8 " " 3raPhiCal -Presentation of the preferred 
30 space an "- aliaSin * »* glyph zone by zone to pixel 

for slZr 'V 1 * 9E *" S fl °" Cha " ° £ a '"ferred -thod 
for sampling and process!.-, the sampled points for scan 
conversion; 
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Pixel F bouna 10 " " g " PhiCal "Plantation of contour lines. 

Pixel contr T"' * 3 " ble ° f Pactional 

pixel contributions; and 

units^r^ l J iS - a 9raPh ° f ^ "ansformation from font 
units to pixel units. 
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Detaile d Description of the Preferred Embodiments 
Referring now to Figure 4, a preferred embodiment of the 
general method of the present invention will be described. 
The method of the present invention advantageously yields 
pixel images that are more aesthetically pleasing and readable 
than the prior art for both Latin characters and Asian 
ideographs. The method of the present invention is preferably 
a computer implemented process that can be used by a 
conventional computer to display characters on a conventional 
display device such as a monitor or CRT, or to print 
characters on a conventional laser printer. 

Figure 4 provides an overview of a preferred embodiment 
for the method of the present invention. The preferred method 
begins in step 400. In step 401, a computer (not shown) 
15 retrieves character information including ideal glyph 

representations and hints . The character information is a 
number of closed contours and hinting data structures. Each 
contour preferably comprises a starting point, and a number of 
connecting lines and curves identified by control points. 
This character information specifies an outline of the area 
for the character, and is specified in font units of an 
abstract coordinate space. The hint data may apply to all 
contours and control points of a character or only a subset of 
contours. Each hint identifies the parts of the character 
that should exactly fit the pixel grid boundaries. Next, in 
step 402, the hint portion of the character information is 
converted from font units of the abstract coordinate space to 
pixel units. The pixel units will be set according to 
operational limitations of the printer or display device being 
used. The scaling factor is also determined by the global 
metrics of a type face and the desired pixel size. Step 402 
scales the hints using special grid fitting techniques as will 
be described below. However, those skilled in the art will 
realize that the various grid fitting techniques of the prior 
art could also be used. Once the hints have been converted, 
then the control points are transformed to pixel units in step 
403. The hint transformation effectively divides the image 
into a group of non-overlapping zones. Within the each zone, 
che scaling factor is slightly different from other zones 
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:he desired width. Otherwise, c ' is used as the desired 
width, and w ' is set equal to c ' . Moreover, if fractional 
value of the standard stroke width, W l , differs from the 
fractional value of the actual stroke width, w' , by less than 
5 0.5 pixel, w' is set equal to W , and used as the desired 
stroke width. This step establishes either the standard or 
the canonical stroke width as the desired stroke width, unless 
they differ from the actual stroke width by more than 0.5 
pixel. In such a case, the actual stroke width is used for 
10 the desired stroke width. The scaling is further refined in 
step 506, in which the method determines whether w ' is wider 
than one pixel. If W is wider than one pixel, then the 
method continues in step 507 where the fractional values of 
the starting point s' and the actual stroke width w' are 
15 rounded to the nearest integer. Then in step 508, the 

fractional value of the actual stroke width w' is added or 
subtracted from the fractional value of the starting point s' 
depending on whether s > e to produce the transformed value of 
e. The transformation of the hint is complete and the process 
20 terminates in step 514. However, if the fractional value of 
the actual stroke width W in step 506 is not wider than one 
pixel, the process proceeds to step 509. In step 509, the 
fractional value of the actual stroke width W is set to the 
larger of its actual value and 0.25 pixel. A minimum of value 
25 of 0.2 5 is imposed on W to assure that area of the character 
does not disappear. Next, in step 510, the fractional value 
of the actual stroke width w l is added or subtracted from the 
fractional value of the starting point s* depending on whether 
s > e to produce the fractional value for the end point e' . 
30 Now that the fractional values for s' and e' have been 

determined, the method fits these points onto the pixel grid. 
In step 511, the values of s* and e' are compared to the pixel 
boundaries. Since it was previously determined in step 506 
that w 1 is less than one pixel wide, the distance spanned by 
35 s' and e' crosses at most one pixel boundary. In step 512, 

the method determines whether s' and e' are in the same pixel. 
If they are contained in the same pixel, the stroke is 
enclosed in a single pixel and the values for s' and e' are 
left unchanged. The process then ends in step 514. However, 
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Next, in step 703, the hint information is retrieved. in 
particular, the method retrieves the information necessary to 
determine the bounds for each region, if any, that have been 
defined by conversion of the hints in step 402. In this step, 
the scaling factor for each region is also determined. Then 
in step 704, the value of the control point being converted is 
compared to the hint information retrieved in step 7 03 to 
determine which zone or region contains the control point, and 
therefore, the appropriate scaling factor for converting the 
control point from font units to pixel units. The control 
point is then scaled to pixel units in step 705 using the 
scaling function associated with its region or zone. Once the 
control point has been scaled, the method loops, to step 701 
and repeats the process until all the control points have been 
scaled. Those skilled in the art will realize that there are 
numerous control points in both the X and Y directions, and 
further that there may be several hints in both the vertical 
and horizontal directions that effect the scaling of the 
control points. 

Referring now to Figure 11, an example of the hint and 
control point conversion processes of Figures 5A, 5B and 7 
will be described. Figure 11 is a graph of the transformation 
with pixel units along the Y-axis, font units on the X-axis 
and the ideal transformation (i.e., linear scaling without 
hinting) represented by the dashed line. Without hints, the 
values of the control points would simply be multiplied by a 
scaling factor and rounded. The introduction of hints 
distorts the transformation space into a discontinuous, but 
piece-wise linear one. Consider the example of a contour 
whose bounding interval in the X-axis is [0,500] with the hint 
triple (200,275,75) and a standard width of 150. Also, the 
contour is to be scaled by 0.012. The bounding interval 
scales to [0,6]. Using the steps described with reference to 
Figures 5A and 5B, s' = 200 x 0.012 = 2.4. The standard width 
scales to 150 x 0.012 = 1.8, the actual width and the 
canonical width scale to 0.012 x 75 = 0.9. Since the standard 
and actual width do not differ by more than 0 . 5 of a pixel, 
the width of the stroke is selected to be the canonical width, 
0.9, and the ending coordinate^', thus scales to s • + w ' = 
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3-3. Using th. .trok.-.hi itioa technique of steo „, 
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the zones mark areas where there is likely to be a sianificant 
color transition in the pixel grid. The present invention 
advantageously uses the zone information created by grid 
fitting (i.e., hints) to influence the anti-aliasing averaging 
process. As shown in Figure 8, when averaging a pixel inside 
a zone, pixels in adjacent zones are not considered, even if 
they would have been considered using normal anti-aliasing 
methods. This advantageously creates sharper transitions 
between those areas in the glyph which have been identified as. 
being of key aesthetic importance. Conversely, adjacent 
features are prevented from dominating a part of a glyph 
because they are nearby. The hints are preferably used to 
divide the glyph into several non-overlapping zones. For the 
example in Figure 8, the glyph is divided into three vertical 
zones (A, B and C) by the two horizontal hints. Those skilled 
in the art will understand that with a plurality of both 
vertical and horizontal hints, the glyph would be divided into 
several non-overlapping zones in both the vertical and 
horizontal directions. 

Referring now to Figure 9, the preferred method for 
performing sampling and image production in accordance with 
the present invention will be described. The method begins in 
step 900. In step 901, the curves, if any, that form the 
glyph are decomposed into line segments. Thus, after step 
901, the glyph will be represented only with line segments. 
Next, in step 902, one of the line segments of the glyph is 
retrieved. in step 903, points are sampled on the line 
segment at 0.25 pixel intervals in the Y-dimension. Those 
skilled in the art will realize that the value for the 
sampling intervals may be selected according to the level of 
gray scaling permitted by the display or printing device. In 
this example, 0.25 has been selected for 16 shades of gray. 
For example, sampling the line segment from (0.7, 0.7) to 
(1.7, 1.7) according to step 903 would require that the values 
35 of Y be selected as 0.75, 1.0, 1.25 and 1.5. Next, in step 
904, the corresponding X coordinate for each sampled value of 
Y is calculated. For the line segment from (0.7, 0.7) to 
(1.7, 1.7) this would produce sampling points (0.75, 0.75), 
(1-0, 1.0), (1.25, 1.25) and (1.5, 1.5). Then in step 905, 
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the method determines whether there are any more line se^-s 
left to sample. The method preferably traverses each of "the 
I^ne segments of a contour until all segments of the contour 
nave been sampled. If there are more line segments in the 
glyph to sample, the process loops to step 902; otherwise, the 
method continues to step 907. m step 907, a polygon filing 
algorxthm is used to determine the area of each fractional 
contribution. Those skilled in the art will realize that a 
variety of polygon filling algorithms, such as disclosed in 
10 Fundamentals of Interactive Computer Graphics" by J.D Foley 
and A. Van Dam, may be used for this determination. The 
algorithm preferably defines the fractional contributions by 
specifying a beginning point and an ending point (or plurality 

15 TlZ T ! aCh SCan With thS — b — the points on 

~> or o.f Each pair of points in a scan line represents an 

interval contributing to the fractional coloring of the pixels 
the nerval crosses. Then in step 910, the contributions to 
the fractional coloring are determined by measuring the area 

0. each pixel that is covered by the interval. After the 

s^T^ 10113 SaCh PiXSl haVS bSen d ^ermined, they are 

summed in step 911 to produce the fractional coloring value 
For example, let (x 0/ y) and (* J# y) , where x , > fae " 

?s eZT7?' Let 0 be the value of a - ^ ^ 

1. completely "turned off" (i.e., the contours of the 
character do not intersect the p at all) . similarly, let 1 be 

he value C (p, of a pixel when it is completely "turned on" 

con!" V C ° mPletely C ° Vered bv «*• rendered character and 
contours). We next, compute the fractional color 
coatrib utions of this interval to the pixels spanning from 
UJ, LyJ) and (UJ. LyJ) , where Lvj and fvl denote the integer 

value" oT CS H ilin9 ^ " reSPeCtiVe1 ^ ing, the initial 

value of each pixel to be 0, then the values for the pixels 
can be calculated according to the following: 
IfUoJsU/J, then 

C(UJ, L>J) = C(LxJ, bJ) + 0.25(X r x 0 ) 

IfUJ<U/J, then 

C(UJ, L.vJ) = C(L*J, LyJ) + 0.25(^1-^). 
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C(lv,l LyJ) = C(UJ, LyJ) + 0.25 for all X,- such that UJ < X, <L.r,J. 
C(UJ. LyJ) = CdtJ, LyJ) +0.25 d^T-bc,.!). 

Once we have tabulated the fractional coloring for each pixel 
interval, the total is multiplied by 0.25 since the points 
were sampled at each 0.25 pixel interval in the Y-dimension. 
The final sum of each C (p) represents the fractional coloring 
for each pixel which is used in step 912 to produce the image. 
For a particular rendering, suppose the background of the 
screen has the color b (background) and we wish to draw the 
character with color f (foreground), the final color of each 
pixel will be rf = (l-r)b where r is the sum of each pixel 
computed above. 

Referring now to Figure 10, the gray scale contributions 
for an example contour are shown. in particular, the 
contributions for interval y=0 are shown. The results for 
each pixel are calculated for each increment of the 
y-dimension where the integer value of y=0 (i.e., 0.0, 0.25, 
0.5, and 0.75) . For each increment, the interval pixel by 
pixel is summed according to the above equations to produce 
the values in each row of the table in Figure 10. Once the 
four rows for each pixel have been determined, they are 
tabulated to determine the gray scale coloring of each pixel. 

While the present invention has been described with 
reference to a preferred embodiment, those skilled in the art 
will recognize that various modifications may be provided. 
For example, different algorithms may be used to implement the 
grid fitting and anti-aliasing of the present invention. 
These and other variations upon and modifications to the 
preferred embodiment are provided for by the present invention 
which is limited only by the following claims. 
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WHAT ~g or aj ^gg Tq . 

1- A method for rasterizinc hire i P f nrmafc - 
idesi fti, m i, information and an 

laeeu glyph representation to produce a pixel i mag e said 
method comprising the stens of- " 

in f0 ri b t c r:: in9 said ideai ^ 
-tr::r::::r n r S p h L n : T^iriTTr^ of - 

Plurality of zones • defining a 

hint information; ? USlng converted . 

line ::™ ng said giyph °* — . of 
said ^ursr at intervais aiong — — — - 

colorLT^^r^eT 16 : P ° intS " «» 

each pixel and to produce said pixel image. 

2 " ThS method °f claim 1, whe-eir sa iri e , 
converting includes appl ying a 'ilf^ P 
convert said hir,~ ■ - fitting technique to 

-c said hxnu information to pixel units. 

con 3 '- ^ meth ° d ° f Claim Where ^ said step o* 

copses a T t e i:::t°o d ne 0£ h Claim "^^ M " 
-int an^r^r.eT ' • "arting 

"herein said steo of ™ ' Purred width (cl ; and 

arises the Sx^Z^^r-"- 

scaUng tT SCar " n9 P ° int C ° 3 f ««--l value 
calcuTL CanmiCal " idCh "» ^ factional value J - 

wi dth c rr : r th . ,w> and 

units.- 3 fractlon ^ value <„•> in pixel 

scaling a standard width /&n 

coding the .actional ^ Lr'the ^tanlrd 
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and canonical widths, and selecting one as a desired width; 

comparing the desired width to the pixel width; 

if the desired width is wider than one pixel, rounding 
the fractional value of the starting point and the desired 
5 width to the nearest integers and calculating a transformed 
end point; and 

if the desired width is not larger than a pixel, 
calculating the fractional value of the end point and applying 
a stroke shifting technique such that the fractional values of 
10 the starting point and end point are in the same pixel. 

5. The method of claim 4, wherein the step of 
calculating the actual width comprises calculating the 
absolute value of the difference between the starting point 
15 and the ending point . 



20 



25 



6. The method of claim 4, wherein said step of 
comparing the fractional values further comprises the steps 



of: 



selecting the fractional value of the canonical width as 
the desired width; 

setting the desired width equal to the fractional value 
of the actual width, if the fractional value of the actual 
width and the fractional value of the canonical width differ 
by more than 0.5 pixel; and 

setting the desired width equal to the fractional value 
of the standard width, if the desired width and the fractional 
value of the standard width differ by less than 0.5 pixel. 

30 1 ' The method of claim 4, wherein said step of 

calculating a transformed end point comprises summing the 
rounded value of the desired width and the rounded fractional 
value of the starting point according to the sign of the 
scaling value and whether the starting point is greater than 

35 the ending point. 

8. The method of claim 4, wherein said step of 
calculating the fractional value of the end point comprises: 

setting the desired width to the larger of 0.25 pixel and 
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its value; and 

su™n ing the desired width ^ fea 
s-a.,mg p0intf according fco scaM ^ °~ 

w:,e ther the starting POin£ is greate g r tha :;\ r;;;::/:::;^ 

- produce the fractional value of the end point 

a strode 3^^^ - ^ *' ^ <* 

nxttxng techmgue comprises the steps of- 

comparing the fractional values of the stamina an * - 
Point, to the pixel boundaries; «a.txng and ena 

determining whether the fractional values of the „f . • 
and end no^nt<? ; „ es 0i - the starting 

™ Po-nts are m the same pixel; and 

if the fractional values of the start-™ . ^ 
are nnr ^ starting and end points 

that are in the same pi^l " 9 ^ P ° in " 

transf"' • ° £ Clail " 2 ' wh « e « step o< 

srs ;:irrt~—r e : che — - - 

Pixel units. convert the glyph representation to 

11. The method of claim i , 
r-^^ claim 1, wherein said olvDh 

-presentation ^ ^Hr^ ^ 
retrieving a control point; 
retrieving the hint information; 

the £rz:zT*\:r ns ^ — * — 

scaling the control point using the scaling * 
associated wi rh scaung function 

ted with the zone containing the control point. 

12. The method of <~i ^ i ™ 11 
transforming said ell " n " id Step of 

said steps If retr!. "presentation comprises repeating 

the control I ts oTthe ^T"" ^ f « ~* - 

cne glyph representation. 
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13. The method of claim 1, wherein said seep cf sampling 
points comprises the steps of: 

retrieving a line segment; 

sampling points along the segment at intervals in the 
5 Y-dimension; and 

calculating the corresponding X-coordinate for each 
sampled point. 

14. The method of claim 13, wherein said step of 
10 sampling points is performed at 0.25 pixel intervals. 

15. The method of claim 1, wherein the step of 
processing the sampled points includes performing gray scaling 
and using a plurality of sampled points to produce the 

15 coloring for each pixel. 

16. The method of claim 1, wherein the step of 
processing the sampled points comprises the steps of: 

determining the area of the fractional contributions for 
20 the glyph representation using a polygon filing algorithm; 

determining the fractional contributions for each pixel; 
summing the fractional contributions for each pixel to 
determine a fractional coloring value for the pixel; and 

producing the pixel image with a gray scale technique 
25 that uses the fractional coloring values produced for each 
pixel . 

17 . A method for producing a pixel image from a glyph 
representation, said method comprising the steps of: 
30 retrieving an ideal glyph representation and a least one 

hint ; 

adapting the ideal glyph representation to the pixel grid 
using a grid fitting technique; 

dividing the adapted glyph representation into a 
35 plurality of non-overlapping zones using the hints; 

applying an anti-aliasing technique to each zone without 
considering the pixel values outside the zone; and 

processing the zones to produce a final gray-scaled bit 

map . 
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START 



401 

RETRIEVE GLYPH & HINT 
INFORMATION 
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402 

CONVERT HINT INFORMATION TO 
PIXEL UNITS 
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403 

TRANSFORM CONTROL POINTS 
TO PIXEL UNITS 
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404 

SAMPLE POINTS ALONG EACH 
SCALED CURVE AND LINE 



405 

PROCESS THE SAMPLED POINTS 
BY ZONE TO DISPLAY A 
GRAY-SCALED IMAGE 
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END 
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75 w' WIDER" 
THAN ONE. 
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ROUND s' AND w' TO THE 
NEAREST INTEGERS 
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ADD OR SUBTRACT w' 
FROM s '( DEPENDING ON 
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FACTOR AND WHETHER s>e) 
AND SET EQUAL TO e' 
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FRACTIONAL CONTRIBUTIONS 



I 



910 

DETERMINE THE FRACTIONAL 
CONTRIBUTIONS FOR EACH PIXEL 
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